Introduction {#s0005}
============

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) emerged in China in December 2019 and has spread to most countries, infecting millions of people and causing over 400,000 deaths [@b0005]. As of May 2020, high-income countries (HICs) reported twice as many cases as low- and middle-income countries (LMICs) [@b0005], [@b0010]. This may be due to lags in spread to LMICs and lack of testing capacity. Recently expanded testing capacity has revealed fast rising numbers in several LMICs, although there are noticeable differences in transmission between nations [@b0015], [@b0020], [@b0025]. For example in South America, the incidence of new infections is higher in Chile, Peru, Brazil and Ecuador while Argentina, Uruguay and Paraguay have much fewer cases [@b0020]. Although Brazil has the second highest number of cases worldwide, there is a seven fold difference in incidence between the southern and northern regions of the country as at the beginning of June 2020 [@b0030].

As the pandemic extends to LMICs, there are growing concerns about the risks of severe coronavirus disease 2019 (COVID-19) in populations with high prevalence of comorbidities, the impact on health and economies more broadly and the capacity of existing health systems to manage the additional burden of COVID-19 [@b0035], [@b0040]. Furthermore, in countries where other infectious diseases such as malaria, cholera, chikungunya and dengue are prevalent, it is impossible to predict interactions among these infections and SARS-CoV-2. [Table 1](#t0005){ref-type="table"} provides a summary of COVID-19 cases and deaths for a few LMICs and country specific health indicator data.Table 1Summary of COVID-19 and health indicator data for selected low- and middle-income countries.CountryRegionCOVID indicatorsHealth system indicatorsWater, sanitation and hygiene indicatorsNo of cases as at 13 June 2020No. of deaths as at 13 June 2020Case fatality rateHuman development indexAntiretroviral therapy coverage among people living with HIVEffective tuberculosis treatment coverageAntenatal care coverage (4 visits)Measles vaccine second dose coveragePopulation with at least basic access to drinking waterPopulation using basic sanitation servicesPopulation with basic hygiene facilitiesLow income countryHaitiLatin America & Caribbean3941612%0.50358%60%67%38%65%35%23%NepalSouth Asia5062160%0.57956%64%69%69%89%62%48%Sierra LeoneSub-Saharan Africa1103515%0.43841%55%78%55%61%16%19%Syrian Arab RepublicMiddle East & North Africa16464%0.54920%73%64%54%97%91%71%TajikistanEurope & Central Asia4902491%0.65646%71%64%97%81%97%73%  Lower middle-income countryBangladeshSouth Asia81,52310951%0.61422%58%37%93%97%48%35%DjiboutiMiddle East & North Africa4441381%0.49530%68%26%81%76%64%KenyaSub-Saharan Africa3305963%0.57968%39%10%45%59%29%25%NicaraguaLatin America & Caribbean1655553%0.65153%70%88%95%82%74%PhilippinesEast Asia & Pacific24,78710524%0.71244%53%87%40%94%77%78%UkraineEurope & Central Asia30,5068803%0.75052%56%87%90%94%96%  Upper middle-income countryArmeniaEurope & Central Asia16,0042642%0.76053%63%96%96%99%94%94%BrazilLatin America & Caribbean802,82840,9195%0.76166%62%91%69%98%88%Iran (Islamic Republic of)Middle East & North Africa182,54586595%0.79720%70%94%98%95%88%MexicoLatin America & Caribbean133,97415,94412%0.76770%64%94%99%99%91%88%PeruLatin America & Caribbean214,78861093%0.75973%70%94%66%91%74%South AfricaSub-Saharan Africa61,92713542%0.70562%44%76%50%93%76%44%Sri LankaSouth Asia1880111%0.78045%54%93%99%89%96%ThailandEast Asia & Pacific3134582%0.76575%47%91%87%99%99%84%[^1]

Children in LMICs seem to predominantly develop mild disease or be asymptomatic, a pattern that is similar to that in high income countries (HICs). However, children in LMICs may be more vulnerable for several reasons. Firstly, children constitute a greater proportion of the population, comprising up to 60% of the population in some LMICs [@b0055]. Secondly, risk factors for severe lower respiratory tract infection (LRTI) such as malnutrition, exposure to smoke or air pollution, incomplete immunisation and HIV are more prevalent in children in LMICs [@b0060]. Indeed, the burden of LRTIs globally is heavily skewed towards LMICs, with most deaths occurring in these settings [@b0065]. Thirdly, the burden of infectious diseases such as tuberculosis is much higher in LMICs and little is known about co-infections with SARS-CoV-2. However, prior infection with other pathogens including endemic coronaviruses or universal BCG vaccination, may possibly protect children against severe disease through development of trained or specific immunity [@b0070], [@b0075]. Fourthly, health systems in LMICs are under-resourced and weaker than in high-income-countries (HICs). With the burden of adult COVID disease, diversion of resources away from child services may further compromise child health. Furthermore, although COVID-19 is a respiratory disease, it is likely transmissible by faecal-oral contamination; stool samples remain positive for an average of 11 days after respiratory swabs turn negative [@b0080]. In some LMIC settings, particularly in Africa and Latin-America, water scarcity and poor sanitation are important issues that may promote transmission of SARS-CoV-2 ([Table 1](#t0005){ref-type="table"}) [@b0085]. Importantly the *indirect* effects of the pandemic, including increasing poverty, adult illness and school closures with negative impact on school feeding schemes may be substantial, with major negative effects on child health and wellbeing.

Public health interventions including hand hygiene, social distancing, universal wearing of masks, identification and isolation of infected people and tracing of contacts are effective to contain transmission and mitigate the epidemic [@b0090], [@b0095]. However, many of these measures are difficult or impossible to institute in poorer LMICs where for example running water may not be easily accessed or people live in very crowded conditions.

Childhood COVID disease in LMICs {#s0010}
================================

In LMICs most reported COVID-19 cases have occurred in adults, with much fewer cases in children [@b0015], [@b0100]. In Kenya, 3.0% of the 2600 confirmed COVID-19 cases are children \<10 years of age, and only 1% of deaths among confirmed cases have occurred in children [@b0105]. In South Africa, less than 2% of positive cases are in children, with few requiring hospitalisation and even fewer requiring intensive care [@b0110]. In Chile 3.8% of confirmed cases are below 10 years [@b0115]. Similarly, in the south of Brazil, 2% of cases fall in this age group [@b0030], [@b0120]. Interestingly in Argentina where the incidence is still low, the proportion of infections among children under 10 years is the highest in the region (6.9%) [@b0125]. COVID does not appear to be especially severe even in children with underlying comorbidities, similar to what has reported for children from HICs. Although children in LMICs have a much higher burden of severe LRTIs in general as compared to adults, this pattern is not apparent with COVID [@b0130], [@b0135].

The indirect effects of COVID on child health in LMICs {#s0015}
======================================================

While COVID does not appear to directly severely affect many children in LMICs, the indirect effects of the pandemic are of great concern [@b0140]. Firstly, downscaling or closure of regular child and maternal health preventive and other services may compromise immunisation, antenatal and nutritional programs, and result in higher morbidity and mortality from other diseases such as tuberculosis (TB). Several African countries have initiated dusk to dawn curfews and local travel restrictions as part of social distancing measures. These measures further reduce access to health care especially among low income groups, leading to potential increases in morbidity or mortality among vulnerable groups most in need of health care including young children and pregnant women [@b0145]. Reduced access to care, poverty and fear of being infected with COVID at health care facilities, may lead to delays in seeking care for sick children, resulting in more severe illness at presentation and lower uptake of effective preventive interventions such as childhood vaccination [@b0150].

Secondly, diversion of resources to adult services further compromises the ability to care for children. Health care workers are increasingly being seconded to adult services and health budgets that are already inadequate for child health needs, are being shifted to managing the COVID epidemic. Thirdly, closure of schools directly affects child learning, child mental health and the ability of parents to work. In LMICs, children may not have equitable access to distance learning; indeed, the poorest children are least able to access internet learning resources [@b0155]. In addition, child nutrition may be further compromised, as many children from poor communities in LMICs rely on school feeding schemes for daily sustenance [@b0160]. Lastly, lockdowns with resulting widespread unemployment, food and housing insecurity, have a major impact on the economy, further compromising health and increasing intrafamilial violence.

Challenges of caring for children in LMICs {#s0020}
==========================================

LRTIs are a major cause of hospitalisation and death among children \<5 years in LMICs [@b0165], [@b0170]; and presenting features are indistinguishable from those of COVID. This is a major challenge especially during Respiratory Syncytial Virus (RSV) or influenza seasons. Therefore, rapid widespread testing of sick children for COVID is needed, to appropriately manage and isolate those who are infected. However, testing capacity is extremely constrained in many LMICs and scaling up rapid testing is challenging.

Ensuring that adequate infection prevention measures are maintained while awaiting confirmatory laboratory results is essential. Overcrowded wards are an existing barrier to infection prevention transmission within health facilities in LMICs and could enhance SARS-CoV-2 [@b0175], [@b0180]. Furthermore, the mainstay of COVID-19 therapy includes provision of oxygen for the severely ill and intensive care for those who are critically ill, but over half of health facilities in resource limited settings have insufficient oxygen supply and pulse oximetry, and dedicated paediatric intensive care services are rare [@b0185], [@b0190]. Upscaling oxygen supplies, including high-flow nasal cannula oxygen and providing innovative methods for oxygen delivery in LMICs is urgently required.

Lack of adequate personal protective equipment (PPE) for health care workers (HCWs) hinders effective provision of care to suspected and confirmed COVID-19 paediatric cases and increases the risk of transmission to this vital work force. Health care workers are particularly vulnerable to infection and providing adequate PPE is a major concern in LMICs [@b0195]. Increasing evidence shows that SARS-CoV-2 is predominately spread via aerosols, and that nasal oxygen systems, coughing or even speaking may generate aerosols [@b0200], [@b0205]; therefore protection of HCWs with N-95 or respirator masks is a key, effective form of protection for which there are inadequate supplies in LMICs [@b0095], [@b0195].

Maintaining regular childhood preventive and curative services through the pandemic is a particular problem in LMICs, due to resource constraints, closure of facilities, limited access to health facilities and insufficient health care workers or drug supplies. For example, immunisation or nutritional programs and services providing chronic care (such as for TB, HIV) may be compromised.

Public health challenges {#s0025}
========================

Implementing effective public health interventions to prevent transmission and disease may be especially challenging in crowded, poor areas in LMICs. These efforts are further compromised in countries where national leaders do not consider the COVID-19 pandemic an important public health issue. A multi-sectorial approach is needed to improve access to running water, limit crowding and provide housing or adequate living conditions. Strengthening social security systems and poverty alleviation are critical for poor communities through the pandemic and require intersectoral collaboration and government commitment and vision.

Identification and isolation of infected people and contact tracing may be difficult in LMICs with poorly developed systems for rapid testing, contact tracing and isolation, especially in the context of very crowded living conditions, use of public transport and many close contacts.

Universal wearing of cloth masks is an important low cost intervention to reduce transmission that may especially be important in areas of crowding where social distancing is difficult [@b0195]. However, lack of clear recommendations from the World Health Organisation (WHO) and conflicting guidelines have hampered efforts [@b0210]. Universal mask wearing may be effective not only to reduce COVID transmission, but also transmission of other viral pathogens and tuberculosis [@b0210], [@b0215], [@b0220], [@b0225], [@b0230], [@b0235]. A key challenge is to scale up effective use throughout LMICs. Universal use of surgical masks in health care facilities is also needed to prevent transmission especially as COVID may be spread by asymptomatic or pre-symptomatic people. N-95 masks should be worn during aerosolising procedures, by HCWs taking care of respiratory or COVID patients, and by HCWs on the frontline with high levels of exposure to SARS-CoV-2, including in emergency rooms, intensive care unit (ICU) settings or medical wards [@b0095], [@b0195], [@b0240].

Re-opening of schools in the context of COVID is complex. Only half of schools globally have access to water and soap for hand washing, and levels are lower in LMICs [@b0245]. Moreover, public schools are often over-crowded which may enhance disease transmission [@b0250], [@b0255]. Safe re-opening of schools will require investments to improve basic sanitation facilities, universal use of masks, environmental controls, operational changes (such as smaller classroom sizes, social distancing in classes), screening of staff and students for symptoms and exclusion of high-risk staff from the workplace. These may be especially challenging in LMIC settings, where schools are already under-resourced and overcrowded.

Conclusion {#s0030}
==========

Similar to HICs, children in LMICs are not at major risk for severe COVID disease, but there are major negative indirect effects on child health. The current crisis is a harsh reminder of the global inequity in health services for children in LMICs. The pandemic highlights key challenges to the provision of child health in LMICs, but also provides opportunities to strengthen child health broadly in such settings [@b0260].

Educational Aims {#s0035}
================

The reader will come appreciate:•Children in LMICs develop predominantly mild disease or asymptomatic infection similar to that in high income countries.•The indirect effects of the pandemic on child health are substantial in LMICs, including increasing poverty levels, disrupted schooling, lack of access to school feeding schemes, reduced access to health facilities and interruptions in vaccination and other child health programs.•In many LMICs inability to implement effective public health measures such as social distancing, hand hygiene, identification and isolation of infected people and universal use of masks, impact on transmission.•Health systems in LMICs are under-resourced; diversion of resources to adults' services in the pandemic may further compromise child health.

Directions for future research•The role of children in community transmission of SARS-CoV-2 in LMICs•Factors that mitigate the development of severe disease in children in LMICs, and the role of prior other infections or vaccination in stimulating possible immune protection•The impact of co-infections such as tuberculosis, that are highly prevalent in LMICs on the disease spectrum of COVID in children•The long term impact of COVID on child health in LMICs
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[^1]: *Country income classification was obtained from the World Bank*[@b0010]*; COVID-19 related data as at 13 June 2020 was obtained from the World Health Organisation (WHO)*[@b0005]*; health indicator data was obtained from the WHO Global Health Observatory*[@b0045]; water, sanitation and hygiene data was obtained from the WHO Global Health Observatory and UNICEF [@b0045], [@b0050]. Data was unavailable for blank cells. *Darker shading reflects better indicators.*
